An identical ESR spectrum is observed for the diene 3 subjected to the same treatment; in line with the lower oxidation potential, the appearance voltage in the electrolysis is substantially lower than for 1 . The results of the ESR studies are thus fully consistent with the postulated cycloreversion 5-7, so that the structure of the radical cation should be properly described by formula 7.
Assignment of the large coupling constant (1.544 mT) to the eight equivalent p protons, i.e., to those that are separated by one C-C bond from the n system of 7, is straightforward, considering the D2/, symmetry. The coupling constants, aH", of s protons arise from hyperconjugation and obey the relationship''] u H " = B.p"-cos'B, where p" is the spin population at the adjacent n center and 6' stands for the dihedral angle between the 2p, axis at this center and the C-HI' bond. Since the total rr-spin population in 7 is evenly distributed among the four n centers, p" amounts to 0.25. Taking + 6 mT as the proportionality factor B appropriate for radical cations and setting B= 10" on the basis of structural data for 3,"'l one obtains uH11= + 1.5 mT. According to the evidence from TRIPLE, the positive sign thus predicted for 1.544 mT also holds for 0.051 mT, whence 0.1 17 and 0.065 mT must be negative. Assignments of the three last-mentioned coupling constants to the three sets of four equivalent y protons in specific positions of 7 are hardly feasible without further information.
The colored radical cation (A,,,,, =610 nm) generated under similar conditions from [2.2. I . Ilpagodane 2 is also rather persistent; however, it decays faster than 7 . By analogy to 7, its structure should be described by formula 8. The ESR spectrum (g = 2.0040 -t 0.000 1) reflects the lower C,, symmetry of 8 by exhibiting two large coupling constants, 1.76 * 0.0 i and 0.96 k 0.0 I mT, each due to a set of four equivalent p protons. The hyperfine splittings of the sixteen y protons belonging to six different sets are not resolved in the ESR spectrum; they d o not exceed 0. I mT, as indicated by the ENDOR spectrum.'"'] The persistence of the radical cations 718 is closely connected with their polycyclic skeletons. Under a variety of oxidation conditions, it was not possible, by ESR spectroscopy, to detect radical cations generated from the "molecular moieties" of 1/3 (8/9 in Ref. [2] ). The opening of the four-membered ring, which occurs upon formation of the dications 11/12 from the pagodanes 112, presumably also occurs in 516 (ECE) but not in 9/10 (EEC). Owing to the small exothermicity of the opening 1 -3 (AAH;'= -2.4 kcal/mol),"'l and presumably also of 5 -7 , and owing to the rigidity of the [I.l.l.l]pagodane 1, there is a good chance that 5 might be identified directly at low temperature1'21 and that 5 and 7 as well as 9 and 11 might be differentiated in the gas-phase oxidation ("charge stripping"), Ed. Engl. 26 (1987) 451. The He(la) PE spectrum of 1 (recording temperature ca. 100°C) exhibits a n initial. broad band with a maximum at I';'=8.2 to 8.3 eV, followed by a band system with little structure. The point at which the first band emerges above the noise level is at 7.7 to 7.8 eV, which allows an upper limit for the adiabatic ionization energy I.; to be determined (E. 
Enzyme-Catalyzed Cyanohydrin Synthesis in Organic Solvents
By Frunz Effenberger.* Thomas Ziegier, and Siegfried Forster Pfeii et al. have described the enantioselective addition of hydrogen cyanide 2 to benzaldehyde and numerous other aldehydes 1 in the presence of the enzyme mandelonitrile lyase ("(R)-oxynitrilase") to give optically active (R)-cyanohydrins 3."l However, in the aqueous and aqueous alcoholic systems exclusively used so far, the chemical reaction, leading to the formation of racemates, occurs in addition to the enzyme-catalyzed reaction, so that only moderate optical yields are often obtained in this reac-
The ready accessibility"' of mandelonitrile lyase (E.C. 4.1.2.10) from bitter almonds (Prunus amygdalus) and the great importance of optically active cyanohydrins for the preparation of optically active amino a-hydroxy carboxylic acids, pyrethroid insecticides,""' imidazoles, and heterocycles,[ih' prompted us to investigate this reaction in more detail. Our goal was the preparative synthesis of cyanohydrins having the highest possible enantiomeric purity.
Variation of the reaction conditions (pH value, temperature, concentration) in water/ethanol led to no appreciable improvements.
['] The use of organic solvents that are not miscible with water but in which the enzyme-catalyzed reaction can take place, [4] however, resulted in suppression of the chemical reaction to a significant extent, whereas the enzymatic formation of cyanohydrin was only slightly slower (Fig. I) . The enantiomeric purity of the cyanohydrins is thereby considerably increased.
Of the organic solvents we tested, ethyl acetate proved to be the most suitable; the enantiomeric purity thereby achieved is higher than in H20/EtOH. The enzyme can be bound to a fixed support and consequently reisolated and used again. Of the supports tested, ECTEOLA cellulose, DEAE cellulose, glass beads, and cellulose, cellulose proved to be the best. (-) of HCN to henzaldehyde (initial concentration 5 x ~O -' M ) in H20/EtOH and in ethyl acetate (EE)/cellulose.
In the earlier investigations,"' the optical yields were solely determined from the optical rotation of the products obtained. However, because only mandelonitrile was available in pure form, only the reaction of benzaldehyde with hydrogen cyanide allowed a statement to be made about the optical purity of the product; in general, precise statements as to the optical purity of a compound cannot be made from the optical rotation values. Furthermore, cyanohydrins undergo ready isomerization by means of the equilibrium reaction. We therefore converted the cyanohydrins so obtained into diastereomeric esters by reaction with (R)-a-methoxy-a-trifluoromethylphenylacetoyl chloride [R( + )-MTPA chloride][51 and determined their optical purity by gas chromatography. The results of the enzymatic cyanohydrin syntheses carried out by us, on the one hand, in H,O/EtOH (according to Ref. [I] ) and, on the other hand, in ethyl acetate, are compared in Table I . The comparison shows that, although the synthesis in ethyl acetate requires longer reaction times, the enantiomeric purity is appreciably better than it is for the reaction in EtOH/H,O.
More recent investigations into the preparation of 0-acylated cyanohydrins by reaction of optically active cyanohydrins with dipeptide catalysts'"] or by enzymatic ester cleavage"' were less satisfactory with respect to optical and preparative yields.
Experimental Procedure
A) Mandelonitrile lyase solution (150 UL, 700 Units/mL, A,,, =65 Units/mg, in 0.02 M acetate buffer, pH 5.4) was added by pipette to 10 m L of 0.05 M acetate buffer (pH 5.4, 50% ethanol). The aldehyde I ( 5 mmol) and 2 (250 UL, 6.5 mmol) were then added. The mixture was shaken until a clear solution had formed, allowed to stand for the allotted length of time (Table  I) , and extracted with chloroform. The extract was dried and the organic phase was removed in a rotary evaporator.
B) The support (2 g, AVICEL cellulose) was allowed to swell in 20 mL of 0.01 M acetate buffer (pH 5.4) for 1-2 h. The support was then filtered off, pressed, and transferred to a one-necked flask, and 150 pL of mandelonitrile lyase solution (see A) was added followed by 20 mL of ethyl acetate (saturated with 0.01 M acetate buffer, pH 5.4). 5.0 mmol of 1 and 250 pL (6.5 mmol) of 2. The mixture was allowed to stand at room temperature for the allotted length of time (Table I ) and filtered. The filter cake was pressed and washed with ethyl acetate. The combined solutions were dried and the organic phase was removed in a rotary evaporator. So far, "proton sponges" have been defined as bis(dialky1amino)arenes whose dialkylamino groups are in close spatial proximity."] The unusual basicity of these compounds is ascribed to the destabilizing overlap of the lone electron pairs on the nitrogen atoms, to the formation of especially strong hydrogen bonds in the monoprotonated diamines, and to the hydrophobic shielding of these hydrogen bonds. In order to differentiate and assess the relative importance of these factors, we were interested in quino [7,8-h] quinoline 1, whose nitrogen atoms exhibit a mutual orientation similar to that in 1,8-bis(dimethylamino)naphthalene 2 ("proton sponge"). In contrast to 2, however, 1 lacks the hydrophobic shielding of the hydrogen bonds of its monoprotonated derivative. This shielding is considered to be responsible for the low rates of proton transfer, which make the "proton sponges" reported so far unsuitable as auxiliary bases in chemical reactions. The synthesis and properties of 1 have been reported by several groups. [*] In all cases, however, these claims proved to be in~orrect,'~' so that, to the best of our knowledge, 1 was unknown until now.
Our synthesis of 1 started from tetramethyl 2,2'-(I$-naphthy1enediimino)difumarate 3, which was obtained, by a modified procedure of Honda et al.,141 from IJ-diarninonaphthalene and dimethyl acetylenedicarboxylate (molar ratio 1 :2, methanol; m.p.= 142-143°C; 71% yield).'" Thermal cyclization of 3 (diphenyl ether, 240°C) gave dimethyl 4,9-dioxo-1,4,9,12-tetrahydroquino [7,8-h] quinoline-2,l I-dicarboxylate 4 (m.p. =276-278"C; 64% yield).i5."1 Alkaline hydrolysis of 4 afforded the corresponding dicarboxylic acid 5 (m.p.=314-315"C, dec.; 93% yield),"' which underwent decarboxylation at 335 to 37O0C/1O-' torr in a sublimation apparatus to give quino [7,8-h] quinoIine-4,9-( 1 H,IZH)-dione 6 (m.p. =375-377"C, dec.; 76%
